The immobilization of catalase onto chitosan and chitosan-bentonite was investigated and immobilization yield of 95.91 and 95.26 was obtained respectively. The optimum pH and temperature were found as 7.5 and 8.0 at 40 C for free and immobilized enzyme. The value of V max decreased by 33,000-26,300, 24,500 mmol (min mg protein)
Introduction
Catalase (EC 1.11.1.6) enzyme is an oxidoreductase enzyme as it plays a crucial role in quenching the reactive oxygen species (ROS), i.e. hydrogen peroxide, often produced as a by-product of aerobic respiration [1] , by converting it into oxygen and water. Hydrogen peroxide metabolism is mainly regulated by this enzyme. Catalase is a common enzyme found in nearly all living organisms aerobic as well as anaerobic. It has one of the highest turnover of all enzymes as it has the capacity to decompose more than one million molecules of hydrogen peroxide per molecule of enzyme [2] [3] [4] [5] . Catalase is a tetramer of four polypeptide chains, each over 500 amino acids long. It contains four porphyrin haem (iron) groups that allow the enzyme to react with the hydrogen peroxide. Catalase has a fairly broad range of working from optimum pH between 4-11 [6] [7] [8] . Catalase is usually located in a cellular, bipolar environment organelle called the peroxisome. As this enzyme is found in mainly all organisms (aerobic and anaerobic), it has been exploited in many applications including food processing, textile, paper, pharmaceutical industry, medical areas, and also in the field of bioremediation as one of the upcoming areas of its application [9] [10] [11] [12] [13] .
Catalase has been immobilized on various supports for use in the numerous industrial prospects. The immobilization of catalase onto chitosan beads is one of the mainly used techniques because of its being simple and cheap [14] . Chitosan proves to be attractive for the purpose of enzyme immobilization because of its inert nature; moreover it is an inexpensive and hydrophilic support material and is also biocompatible, biodegradable and non toxic, making it one of the main immobilization methods [15] [16] [17] . Amino groups that are present on chitosan facilitate the binding of the enzyme covalently to the support [18, 19] . The literature suggests that the immobilization can be either by the entrapment of the enzyme in the chitosan beads, or by the covalent binding to the chitosan transparent films [20] [21] [22] [23] . The use of glutaraldehyde as a cross linked for chitosan beads are more applicable in biochemical engineering due to their good biocompatibility and mechanical strength. However their minor operational defect like density (close to water) causing, it floats easily and surface is also soft. To overcome this problem chitosan was mixed with some inactive materials like clays [24] .
Bentonite is one of the clay minerals that have been proven to be of great importance for the immobilization of catalase. Bentonite is a sedimentary rock with a three layered structure (smectites) like nontronite, montmorillonite, etc. and the presence of quartz, zeolites, feldspars are also frequently found in it. Bentonite is an inexpensive matrix and in addition to its low cost, it has several other advantages that include its high chemical reactivity, low toxicity, and availability of functional groups that allow the easy fixation of the enzyme [25, 26] .
The main aim and objective of this research paper was to form a cost effective immobilization using natural clay ingredient i.e. bentonite for the formation of the chitosan beads instead of glutaraldehyde. The chitosan-bentonite beads were formed for the purpose of catalase immobilization and the stability and working of the catalase immobilized chitosan-bentonite complex beads was compared to the glutaraldehyde reinforced chitosan beads, so that these can replace the commonly used catalase beads formulations requiring glutaraldehyde as a cross-linker. Therefore, the activity, pH, temperature dependence, kinetics and other physical parameters of both free and immobilized enzyme were studied.
Materials and methods

Chemicals used
Hydrogen peroxide was used as a substrate and obtained from Fisher Scientific, Bovine liver catalase (15,200 U/mg), Glutaraldehyde, Acetic acid, Chitosan, Bentonite, NaOH were obtained from HIMEDIA.
Immobilization of catalase on chitosan beads
The chitosan (2.5 g) was dissolved in 1% acetic acid (100 ml) solution prepared by mixing one hour at room temperature. After the completion of the mixing, the beads were formed by pouring the solution drop wise into 2% of NaOH. Chitosan beads were formed in the precipitating solution [16, 17] . To prepare the crosslinking solution, 200 ml of glutaraldehyde was added to 100 ml of distilled water and mixed thoroughly. The beads prepared were added into this crosslinking solution and kept at room temperature for 3 h. The reinforced beads were then collected in a sieve and stored at room temperature before immobilization of the enzymes onto the beads. The immobilization of the enzyme onto chitosan beads were immersed in 10 ml of catalase solution (2.0 mg ml À1 ) in 0.5 mM Phosphate buffer (pH 7.5). The beads were kept in this solution for 5 h at 25 C in a rotating incubator. The immobilized beads were washed with cold phosphate buffer (pH 7.5) thoroughly and stored for further study [4, 16, 20] .
Immobilization of catalase on chitosan-bentonite complex beads
The chitosan (2.5 g) solution was prepared by dissolving 1% acetic acid (100 ml). In this 50 mg bentonite was separately activated by mixing it with 10 ml catalase (2.0 mg ml À1 ) in 0.5 mM phosphate buffer (pH 7.5). These two solutions prepared separately were then mixed together in a beaker and subjected to magnetic stirring for 4 h at 4 C to form a uniform mixture. After the completion of the mixing, the beads were formed by pouring the solution drop wise into 2 M NaOH precipitating solution. Thereafter the beads were washed with cold phosphate buffer (pH 7.5) [2, 28] .
Enzyme activity of free and immobilized catalase
The catalase activity was determined by spectrophotometrically by measuring the decrease in absorbance of H 2 O 2 at 240 nm in a reaction mixture containing 3.0 ml of substrate (10 mM H 2 O 2 in pH 7.5 phosphate buffer) and 1.0 ml of the Catalase (2 mg ml À1 ) solution. The reaction mixture was kept at 40 C temperature for 15 min and stop by adding 0.5 ml of 1 M HCL. For activity of immobilized enzyme (approximate 25 mg) were mixed substrate as above prepared at 40 C temperature for 15 min and stop by adding 0.5 ml of 1 M HCL after removal of the beads. The activity of free and immobilized catalase were expressed as mmol min À1 and mmol (min mg protein)
À1
respectively [16, 17] . One unit of enzyme activity was defined as the amount of enzyme which converts 1 mmol H 2 O 2 in to product per minute at pH 7.5 and 40 C.
Determination of total protein and immobilization yield
Total protein concentration was determined according to Lowry's method using Bovine serum albumin (BSA) as a standard [29] . The amount of bound protein was determined by subtracting the amount of protein in supernatant after immobilization from the total amount of protein used for immobilization. The protein loading and immobilization efficiency of immobilization onto chitosan and chitosan bentonite was calculated using formula [30] Protein loading % ð Þ ¼ Amount of immobilized protein Amount of initial protein Â 100
Immobilzation efficiency % ð Þ ¼ Specific activity of immobilized enzyme Specific activity of free enzyme Â 100
Effect of pH and temperature on enzyme activity
The effect of pH on free and immobilized catalase activity was carried out at different pH values ranging from 3 to 9 using 0.5 M citric acid (pH 3.0-4.0), 0.5 M sodium acetate (pH 4.0-6.0), 0.5 M sodium phosphate (pH 6.0-8.0), 0.5 M TrisÀHCl (pH 8.0-9.0), 0.5 M glycine-NaOH (pH 9.0). The highest value of enzyme activity in each set was assigned as 100% activity [31, 32] . The effect of temperature on free and immobilized catalase was tested by performing the activity in the various temperatures ranging from 5 to 60
C with the interval of 10 C.
Thermal stability and half life of enzyme
The thermal stability and half life of the free enzyme and the enzyme immobilized on the two beads were determined by monitoring the activity of catalase within temperature range of C at time intervals of 0, 30, 45 and 60 min respectively against H 2 O 2 as a substrate [20] . The results were obtained by plotting a graph of Àln E/E 0 (E 0 : Initial enzyme activity and E: enzyme activity at time t) on Y axis against time (t) on the X axis. The slope of the graph gives K d of the enzyme and t 1/2 is calculated as:
. Determination of kinetic parameters
The kinetic parameters of the immobilized catalase and free catalase were determined by measuring the rates of the reaction at various substrate concentrations ranging from 2 to 10 mM at optimum temperature and pH. The kinetic parameters K m and V max were calculated from the lineweaver-burk plot [20] .
FT-IR spectroscopy
The characteristic of a molecule can be well determined by the vibrational spectrum of that molecule. It is considered as one of the most fundamental tool for characterisation of a molecule [17] . It serves as an impression for the identification by comparing the spectrum of our unknown sample with previously recorded reference spectra. In the case of chitosan beads prepared for immobilization as well as chitosan-bentonite complex beads, Fourier Transform Infrared Spectroscopy (FTIR), is a popular tool for the identification and characterization of various bonds and linkages involved in their preparation. The complexity of infrared spectra in the 1500-500 cm À1 region makes it difficult to assign all the absorption bands as it contains a very complicated series of adsorption because of the manner of all the bending vibrations within the molecule, and because of the unique patterns found there, it is often called the fingerprint region. It is found in the right hand side of the FTIR graph. Absorption bands in the 4000-1500 cm À1 region are usually due to stretching vibrations of the diatomic units, and this is called the group frequency region [22] .
Operational stability (reusability)
The retention of the immobilized catalase activity was tested as described in activity assays of catalase. After each reaction run, the chitosan beads were removed and washed with 0.5 mM phosphate buffer (pH 7.5) to remove any residual substrate within the chitosan beads. After that the chitosan beads were put into fresh reaction medium and enzyme activities were tested at optimal conditions. The process was repeated with twenty times [33] .
Storage stability
The storage stabilities of free and immobilized catalase were stored at 4 C and the relative activities were measured during 60 days of their storages. The catalase activity of fresh enzyme was taken to be 100% [34] .
Results and discussions
Immobilization of catalase onto chitosan and chitosan bentonite beads
As chitosan is considered to be soluble in acidic solutions, the continuous and prolonged exposure of the chitosan beads formed, made via counter-ion precipitation in NaOH solution, may result in gel softening and bead disintegration. The chitosan beads formed in the precipitating solution are therefore subjected to treatment with cross linker glutaraldehyde in many immobilization studies [16, 17] . The beads prepared without the use of any cross linker was prepared by forming chitosan-bentonite complex beads. The beads formed were comparable to the cross-linked beads with high mechanical strength and rigidity. The Table 1 shows that protein loading of immobilized catalase onto chitosan and chitosan-bentonite beads were 78.4 and 74.4% and immobilization yield 95.91 and 95.26 respectively. On comparing the two types of the beads formed, it was found that both the beads were approximately same in physical parameters like rigidity, strength and appearance [26, 27] .
Effect of pH on catalase activity
The effect of change in pH concentration on free and immobilized catalase was studied in this work in order to compare the difference in the chemical characterisation of catalase after immobilization [16] [17] [18] [19] . The procedure of immobilization of the enzymes commonly has a range of effects on the state of ionisation of the enzyme, its dissociation, and also on the conformation of the enzyme. These changes results in the difference of relationship between the pH, stability and the catalytic activity of the immobilized enzymes. The effect of pH on enzymes activity for free and immobilized forms was studied with 3-9 pH range using various buffers. The results obtained are depicted in the graph further shown by Fig. 1 . The optimum activity of catalase is represented as 100% and other activities are articulated relative to this optimum activity of the enzyme. Free enzyme exhibits maximum activity in the pH range of (7-8) with optimum activity at pH of 7.5. Decrease in the enzymatic activity at pH 3-5 and 8.5-9.0 and observed for both free and immobilized enzyme; however, maximum immobilized enzyme activity at pH 8. This therefore shows that the process of immobilization provides a structural stability to catalase, thus preventing an irreversible unfolding of the enzymatic protein molecules resulting in pH stability of the immobilized catalase when compared to free catalase. The inhibition of the activity of catalase enzyme in the lower pH ranges 3-4, may be because of two reasons, i.e., firstly a lower loading and a possible change in the enzyme's conformation because of an unfavourable distribution of charge on the amino acid residues of the enzyme. Secondly a change in the pH environment of the enzyme can affect the intramolecular hydrogen bonding therefore leading to a inaccurate conformation of the enzyme that can reduce the activity of the enzyme [30] .
Effect of temperature on catalase activity
The effect of temperature on the activity of free and immobilized catalase enzyme was studied in this work by carrying out the reaction of catalase enzyme both free and immobilized onto the beads by changing the incubation temperature of the enzyme in the range of 15-60 C. The temperature was maintained in a water bath [20] [21] [22] . The results are shown in the Fig. 2 . The optimum temperature for both free and immobilized enzyme is around 40 C. It is clear that at lower temperature that is between 15-30 C the immobilized enzyme shows more stability as compared to free catalase. The increases the temperature enzyme activity increases and after 40 C decreases for both cases. The temperature dependence of the two beads is approximately the same and comparable which is our required result, thus making the use of chitosan-bentonite complex beads are also suitable option for immobilization.
Study of kinetic parameters
The velocity of any enzyme reaction is conclusively influenced by the concentration of the substrate of that particular enzyme. This relationship obeys the Michaelis-Menten kinetics, given by the following equation,
Where K m represents the Michaelis-Menten constant and V max gives the maximum reaction rate. The K m is calculated through the Lineweaver-Burk plot which shows a linear relationship between 1/V (on y axis) and 1/S (on x axis) respectively. The kinetics of our study were analysed by changing the substrate concentration (s), i.e. the concentration of hydrogen peroxide ranging from 2 to 10 mM H 2 O 2 for both free and immobilized catalase. The K m calculated for free catalase, catalase immobilized on glutaraldehyde treated chitosan beads and a chitosan-bentonite complex bead that is studied in this work were 12.5, 25 and 20 mM respectively. These results indicate that the K m value of free enzyme is lower than that of the immobilized enzyme systems formulated. This result indicates that free enzyme catalase, has a higher affinity for its substrate i.e. H 2 O 2 as compared to the catalase enzyme that is immobilized on the beads. Further, V max of free catalase, immobilized catalase on glutaraldehyde reinforced chitosan beads and catalase immobilized on chitosan-bentonite complex beads were calculated as 33,000, 26,300, and 24,500 mmol (min mg protein)
À1 respectively from the graphs (Fig. 3) . The reason for V max of free enzyme being higher than the immobilized systems can be explained on the basis of conformational change of the immobilized enzyme when supported on a support, (the two types of chitosan beads in this case). The K m and V max values obtained are depicted in the Table 2 .
The results also show that the K m and V max values of both the beads are comparable and almost nearly the same with a slight difference. This shows that both the beads show almost the same enzyme kinetic characteristic which is a desirable result. As compared to the results of reported paper [20] , where the K m was reported as 35 mM and V max as 32,000 mmol (min mg protein)
À1
for free enzyme and K m of 77.5 mM, V max 122 mmol (min mg protein)
À1 for catalase immobilized on chemically crosslinked chitosan beads, the results above show an improved working of the catalase enzyme in both free and immobilized forms.
Thermal stability and half life
The thermal stability and half life for free and immobilized catalase were determined at different temperatures, between C and at time intervals of 0, 30, 45, and 60 min respectively. The results are shown in the Fig. S1 for temperatures of 20 C-60 C. Table 3 gives the value of K d as calculated from the slope of the graphs and t 1/2 for all the temperature profiles.
According to the results depicted in the Table 3 , it is clear that immobilization of the catalase onto both the beads provides more stability as compared to free catalase as the half life of enzyme (t 1/2 ). The t 1/2 values at temperature of 40 C is highest for both free and catalase immobilized onto the beads i.e. glutaraldehyde reinforced chitosan beads, and the chitosan-bentonite complex beads are 99, 12.6 and 126 min respectively. Even at 30 C, the t 1/2 values are quite high in compare to 50 C, so that suggesting range of temperature between [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] C is quite suitable for working of this enzyme with minimal damage. At higher temperatures, the enzyme is degraded easily thus showing lower values of t 1/2, due to thermal degradation and denaturation of the enzyme.
FTIR spectra
The FTIR analysis was conducted to characterize the functional groups present in both blank and catalase immobilized beads in order to compare their characteristics. The FTIR Spectrophotometer used was Perkin Elmer, USA having model as Spectrum 400 FT-IR / FIR Spectrometer available in the CIL laboratories in Panjab university chandigarh. The Fig. 4-3, 4 shows the comparison between the FTIR spectra of the glutaraldehyde reinforced chitosan blank beads and catalase immobilized beads respectively. The Fig. 4-1, 2 shows the comparison between the FTIR spectra of the chitosan-bentonite blank beads and catalase immobilized beads respectively. The FTIR spectra of the chitosan beads reinforced with glutaraldehyde (Fig. 4-3, 4) show adsorption bands at 935 and 1106 cm
À1
. These bands are attributed to the monosaccharide structure configuration found in the polymer i.e. chitosan. The presence of a band at 1344.95 cm
indicates the characteristic bending vibrations of the NÀ ÀH groups present in chitosan. Weak adsorption band between the frequencies of 3100 and 2400 cm À1 indicates that the beads have a chelate structure [22] . In the FTIR spectra of the catalase immobilized beads, the band at the frequency of 1649 cm À1 indicates the presence of catalase in the beads. Bovine catalase (CAT Lyophilized powder) is mainly in the b-sheet form and this enzyme has particularly several number of tryptophan and histidine residues in its structural conformation [17] . Previous studies in the literature showed that b sheet structure was observed between the ranges of 1615-1650 cm
. The parallel b-sheet structure that is not common in synthetic polypeptides leads to an amide adsorption near 1650 cm
frequency. As shown in the FTIR spectra of the enzyme immobilized chitosan beads, the band appears around 1649 cm
, thus indicating the presence of catalase in the beads. This band therefore indicates the binding of the protein to the matrix of the beads. The adsorption bands between 1500-600 cm À1 in both the FTIR graphs indicate the presence of CÀ ÀN single bond formed as a result of the crosslinking reaction taking place between chitosan-glutaraldehyde, which is comparatively more stronger on the introduction of the enzyme i.e. catalase into the beads indicating more robust and strong immobilization of the enzyme and stability of the beads.
From the FTIR analysis of the chitosan-bentonite beads (Fig. 4-1 configuration which is attributed to the presence of the enzyme catalase on the beads. This band suggests the immobilization of the enzyme on the beads and attachment of the enzyme on the support matrix [35, 36] .
Operational stability (reusability)
The reusability of immobilized enzymes is the most important features for economical as well as industrial application point of view. The reusability tests were performed as optimum conditions and investigated enzyme activity for twenty times (Fig. 5) . The result showed excellent reusability and activity retain after 20 cycles 70% and 50% loss of enzyme activity of the original activity for catalase immobilization of chitosan-bentonite and chitosan beads respectively. Thus the immobilized enzyme activities gradually decreased while reused number increased. These results could be clarified by the inactivation of enzyme caused by the leakage and denaturation of enzyme.
Storage stability
Storage stability for the immobilized enzyme was one of the major key to estimate the properties of enzyme, which can make the immobilized enzyme more applicable than that of the free one. Free and immobilized beads were stored at 4 C in phosphate buffer (0.5 mM, pH 7.5) and enzyme activity were performed for a period of 60 days. In general storage of enzymes is not suitable for long time in free form in compare to immobilized system. Fig. 6 shows that immobilized enzyme activity slower decrease in compare to free form. After 60 days enzyme activity was calculated and found remaining 22% 60%, and 70% from initial enzyme activity in case of free enzyme and immobilization of chitosan, chitosanbentonite beads respectively. It is also showing that chitosanbentonite immobilized beads are more stable and advantageous in compare to chitosan beads.
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